The effect of postannealing on the structural and superconducting properties of 
Introduction
Among the high-temperature superconducting materials, the Bi-2212 phase is considered as the most attractive because it has high chemical stability and is relatively easy to synthesize for many technological and industrial applications [1] [2] [3] [4] [5] [6] [7] .
Although Bi-2223 phase has the highest superconducting transition temperature, in the Bi-based family, the production of pure phase materials is a difficult task and requires long processing times [8, 9] . Moreover, small stoichiometric variations can modify the final superconducting properties [10] , particularly when taking into account that the quaternary Bi 2 O 3 -SrO-CaO-CuO system shows more than 20 stable phases [11] . On the other hand, ceramic superconductors possess some disadvantages such as intergrain weak links and weak flux pinning capability [12] , together with their poor mechanic properties, imposed by their ceramic nature [13] . As a consequence, many strategies have been used in order to improve the properties of BSCCO materials. Some of them are related with the preparation of high homogeneous precursors with small particle sizes using different synthetic methods [14] [15] [16] [17] while other ones have been centered on the grain orientation [18] [19] [20] . Moreover, the effect of cationic substitution on the superconducting properties of these materials has been studied in previous works, as for example Pb 2+ by Bi 3+ [21] [22] [23] , or metallic additions, typically metallic Ag [24] [25] [26] [27] .
On the other hand, it is well known that pinning centers in Bi-2212 superconducting materials play an important role on the electrical properties of this kind of superconductors. In fact, many works are dealing with the formation of pinning centers by addition of different compounds, as MgO [28] , transition metal oxide-based materials [29, 30] , rare earth oxides [31, 32] , etc, or by the introduction of intrinsic structural defects promoted, for example, by neutron irradiation [33] or by controlled decomposition of the superconducting phase [34, 35] .
The aim of this work is the improvement of the superconducting properties of Bi-2212 ceramic materials by developing a simple procedure to produce effective pinning centers. It will be studied the Bi-2212 phase controlled decomposition, using postannealing treatments at temperatures out of the Bi-2212 stability region, and its effect on the superconducting properties.
Experimental
Samples composition has been chosen from the phase diagram equilibrium for the pseudo-binary Bi produce the total carbonates decomposition before the sintering process. The obtained homogeneous mixture was then pressed into 13 mm diameter pellets under 375 MPa applied pressure, followed by a sintering process at 860 0 C for 120 h, under air, to produce nearly pure Bi-2212 phase with the adequate oxygen content, which maximizes the measured T c values [36] .
The sintered specimens, except one which has been kept as reference, where then subjected to a postannealing process for different times to slowly decompose the Bi-2212 phase. The decomposition temperature has been determined from the phase diagram equilibrium [11] to be around 700 ºC and, as a consequence, the thermal process has been carried out using different where the last two species are non-superconducting phases and they can be considered as good candidates to be effective pinning centers when possessing the adequate sizes. Taking into account the postannealing times, the samples will be herein after denoted as B1, B2, B3, B4, and B5, respectively.
The produced phases have been determined using X-ray powder diffraction analyses and were performed in a Rigaku Ultima IV X-Ray Diffractometer between 2θ = 3-60º with Cu Kα radiation. The surface morphologies were studied in a Zeiss/Supra 55 Scanning Electron Microscopy (SEM).
Resistivity and magnetic measurements were carried out using Cryogenic Limited PPMS (from 5 to 300 K) which can reach temperatures about to 2 K in a closed-loop He system.
Results and discussion
The powder XRD patterns performed on all samples are displayed in Figure 1 . Postannealing processes slightly change the microstructure found in the sintered materials, increasing the size of these small grains and reducing their number, as can be seen in Figure 2b , after 48 h postannealing treatment.
Further postannealing time leads to the disappearance of these grains. This effect is a typical behaviour towards the reduction of the system energy even if in this particular case it is a slow process, due to the relatively low postannealing temperature. Moreover, the decomposition products of Bi-2212 phase following eq. 1 cannot be observed in these images, which is an interesting feature as the effective pinning centers should have a very small particle size. 
